We evaluated the temporal profile of the number of neurons containing neuronal nitric oxide synthase (nNOS neurons) in the brain of a neonatal hypoxic-ischemic rat model. Hypoxic-ischemic insults were produced in the brains of 7-day-old rat pups using a combination of unilateral carotid artery ligation and hypoxic (8% oxygen) exposure. Sections of brain from rats killed at 0-24 h after the onset of hypoxia were stained immunohistochemically using a polyclonai anti-nNOS antibody. Histological changes of neuronal injury were evaluated in the adjacent Nissl stained sections. The number of nNOS neurons in the hemisphere ipsilateral to the carotid ligation was significantly increased (P < 0.05) at 3 h, when the neuronal injury consisted of clusters of degenerating hyperchromic neurons. Neuronal degeneration and an increased number of nNOS neurons were seen only in the ipsilateral hemisphere and the increase was most prominent in the dorsolateral area of the striatum. The increase in the number of nNOS neurons continued at 6 h, when the area of neuronal injury continued to expand. At 24 h, the neuronal injury was diffuse, and the number of nNOS neurons on the ipsilaterai side significantly decreased. The increase of the number of nNOS neurons in the early phase of neonatal neuronal injury suggests its possible involvement in the hypoxicischemic injury. The delineation of its role in neuronal injury may lead to an improvement in managing neonatal hypoxic-ischemic brain injury.
INTRODUCTION
Nitric oxide (NO) plays an important role in the neuropathological processes of hypoxia-ischemia. Hypoxia-ischemia increases extracellular concentrations of endogenous excitatory amino acids, glutamate and aspartate, in the brain [1] [2] [3] . Sustained glutamate stimulation of N-methyl-D-aspartate (NMDA) receptor leads to an influx of Ca 2+ [1, 4] , and activates intracellular Ca 2 +-dependent enzymatic cascades including nitric oxide synthase (NOS), which generates NO from e-arginine [5, 6] . NO freely diffuses to adjacent target neurons where it yields cytotoxic free radicals such as peroxynitrite [5] . In the field of pediatric neurology, hypoxic-ischemic insult in the perinatal period is a common cause of brain injury. The delineation of the * Corresponding author. Fax: (81) (75) 752-2361; e-mail: hig@kuhp.kyoto-u.ac.jp involvement of NO in a model of neonatal brain injury may improve the management of neonatal hypoxic-ischemic injury.
The neurotoxicity of NO has been demonstrated in various animal models of ischemic brain injury [7] [8] [9] , although it is also known that NO can serve as a neuroprotective agent through a vasodilatory effect in adult animals [10] [11] [12] . We previously demonstrated the neurotoxicity of NO in the neonatal hypoxicischemic rat model. Prehypoxic administration of N~-nitro-Larginine (NOARG), a competitive inhibitor of NOS, significantly reduced the infarcted volume, whereas posthypoxic NOARG treatment did not produce a neuroprotective effect [13] . There are at least three isoforms of nitric oxide synthase: a constitutive neuronal (nNOS), a constitutive endothelial (eNOS), and an inducible type [14, 15] . Some nNOS-containing neurons (nNOS neurons) innervate cerebral arteris [16] and, together with eNOS, show the vasodilatory effect [17] . On the other hand, involvement of nNOS in neuronal injury is suggested by the rapid upregulation of nNOS and its mRNA in the cerebral ischemic lesion caused by occlusion of the middle cerebral artery (MCA) in the
